OPTICAL WIRELESS TRANSMISSION APPARATUS 
BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to an optical wireless 
transmission apparatus which transmits /receives a light 
signal modulated by a data signal to transmit data. 

10 

2 . Description of the Related Art 

In an indoor optical wireless system in which a 
conventional optical wireless transmission apparatus is used, 
there has been a mainstream that one apparatus constituting 

15 the system automatically finds a target apparatus to 
communicate with the target apparatus. In this system, the 
apparatus receives light emitted from the target apparatus 
(hereinafter referred to as a pilot light) and detects a 
direction of the light to emit a transmission light in the 

20 direction. For example, as shown in FIG.l, one apparatus 
(main apparatus 21) is provided with light emitting means 23 
separately from a light emitting section 22 for transmitting 
a data signal, and the light emitting means 23 sends a pilot 
light 23A for optical axis adjustment. The other optical 

25 wireless transmission apparatus ( sub -apparatus 24) 
displaces an optical axis direction of a light receiving 
device 24A to receive the pilot light 23A, and optical axes 
are adjusted based on a received light level of the pilot 
light 23A (see Japanese Patent No. 3059870). 

30 Additionally, as a light for obstructing the pilot 

light sent for the optical axis adjustment, there are 
illuminations such as a fluorescent light. As a 

countermeasure against the fluorescent light, a filter for 
cutting a visible light is disposed, a modulated light is used 
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as the pilot light, and a reception light is received at a 
frequency of the pilot light . 

Moreover, there is also sunlight as the light which 
obstructs the pilot light. In general, a light in a 
5 near -infrared region, having a wavelength of around 850 nm, 
is used as the pilot light, but the sunlight is incomparably 
stronger than the light of the near- infrared region as 
compared with the fluorescent light. Therefore, when only 
the filter for cutting the visible light is disposed, the 

10 countermeasure against the sunlight is insufficient. The 
pilot light is easily obstructed by the sunlight in a 
situation where the sunlight is directly incident upon the 
inside of a room, and there has been a problem that it is 
difficult to exactly detect a position of the target 

15 apparatus from the pilot light emitted from the target 
apparatus . 

SUMMARY OF THE INVENTION 

20 An object of the present invention is to provide an 

optical wireless transmission apparatus capable of exactly 
detecting a position of a target apparatus from a pilot light 
emitted from the target apparatus even in a situation where 
sunlight is incident . 

25 To achieve the object, there is provided an optical 

wireless transmission apparatus comprising: a light emitting 
section which emits a light signal toward a target apparatus; 
a light receiving section which receives the light signal 
emitted from the target apparatus; and a pilot light emitting 

30 section which emits a pilot light to the target apparatus, 
the pilot light emitted from the target apparatus being 
received by the light receiving section to detect an emission 
direction of the pilot light and to emit the light signal in 
the detected emission direction, wherein the pilot light 
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emitting section emits the pilot light in a wavelength region 
of 930 nm to 960 nm, and the light receiving section comprises 
a light receiving device having a light receiving sensitivity 
only to the wavelength region of 930 nm to 960 nm. 
5 In a preferable mode of the present invention, the 

light receiving device comprises: a light receiving layer 
formed of GalnAsP having a band gap energy corresponding to 
960 nm; and a light absorbing layer formed of GalnAsP having 
a band gap energy corresponding to 930 nm, the layers being 

10 formed on an InP substrate. 

Moreover, to achieve the object, there is provided an 
optical wireless transmission apparatus comprising: a 
transmission section which emits a light signal modulated by 
a data signal toward a target apparatus; a light receiving 

15 section which receives the light signal emitted from the 
target apparatus and which demodulates the light signal into 
the data signal; and a pilot light emitting section which 
emits a pilot light to the target apparatus, the pilot light 
emitted from the target apparatus being received by the light 

20 receiving section to detect an emission direction of the 
pilot light and to emit the light signal in the detected 
emission direction, wherein the pilot light emitting section 
emits the pilot light in a wavelength region of 930 nm to 960 
nm, and the light receiving section comprises a filter which 

25 passes only a light in the wavelength region of 930 nm to 960 
nm. 

Furthermore, to achieve the object, there is provided 
an optical wireless transmission apparatus comprising: a 
transmission section which emits a light signal modulated by 
30 a data signal toward a target apparatus; a light receiving 
section which receives the light signal emitted from the 
target apparatus and which demodulates the light signal into 
the data signal; and a pilot light emitting section which 
emits a pilot light to the target apparatus, the pilot light 
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emitted from the target apparatus being received by the light 
receiving section to detect an emission direction of the 
pilot light and to emit the light signal in the detected 
emission direction, wherein the pilot light emitting section 
5 emits the pilot light in a wavelength region of 930 nm to 960 
nm, and the light receiving section comprises: a filter which 
passes only a light having a wavelength of 930 nm or more; 
and a light receiving device having a light receiving 
sensitivity only to a wavelength of 960 nm or less. 
10 The nature, principle and utility of the invention will 

become more apparent from the following detailed description 
when read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

In the accompanying drawings : 

FIG.l is a schematic constitution diagram of an indoor 
optical wireless system in which a conventional optical 
wireless transmission apparatus is used; 
20 FIG. 2 is a schematic constitution diagram of an optical 

wireless transmission apparatus according to a first 
embodiment ; 

FIG. 3 is a schematic constitution diagram of a light 
receiving device ; 
2 5 FIG. 4 is an explanatory view showing a relation between 

a spectral intensity and a wavelength of sunlight incident 
upon the inside of a room; 

FIG. 5 is a schematic constitution diagram in a case 
where two optical wireless transmission apparatuses are 
30 combined to constitute the indoor optical wireless 
transmission system; and 

FIG. 6 is a schematic constitution diagram of the 
optical wireless transmission apparatus according to a 
second embodiment . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Embodiments of an optical wireless transmission 
5 apparatus according to the present invention will be 
described hereinafter with reference to the drawings. 

FIG. 2 is a schematic constitution diagram of the 
optical wireless transmission apparatus according to a first 
embodiment. A light receiving/emitting section 9 of the 

10 present apparatus includes: a light emitting device 1 which 
sends a light signal modulated by a data signal; a lens 2 
including a collimator lens; a beam splitter 3 which is an 
optical device for splitting an incident light into a 
transmitted light and a reflected light; an optical 

15 reflection system 4 in which a deflection angle is variable 
by a driving section (not shown) ; a lens 5 on which parallel 
lights are focused; a light receiving device 6 which receives 
a transmission light or a pilot light sent from the target 
apparatus; and a pilot light emitting section 20 which sends 

20 the pilot light. The light receiving/emitting section 9 is 
further connected to a data supply section 7 , an external 
interface 7A, and a deflection control signal supply section 
8. 

Among these components, the light emitting device 1 # 
25 lens 2, beam splitter 3, and optical reflection system 4 
function as a light emitting section which sends the light 
signal toward the target apparatus. The light receiving 
device 6, lens 5, beam splitter 3, and optical reflection 
system 4 function as a light receiving section which receives 
30 the pilot light sent from the target apparatus . 

The light emitting device 1 emits the light signal 
modulated by the data signal. For example, a laser diode is 
usable as the light emitting device 1. An emitted beam of 
the laser diode is thin. When the emitted beams are shaped 
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into approximately parallel beams by the lens 2 , the beam 
splitter 3 and optical reflection system 4 are irradiated 
with the emitted light with high efficiency. 

The pilot light emitting section 20 emits the light of 
5 a wavelength region of 930 nm to 960 nm as the pilot light 
for adjusting the optical axis with respect to the target 
apparatus (not shown) including the same constitution. As 
the device constituting the pilot light emitting section 20, 
a semiconductor laser of an end surface emitting type, a 

10 surface emitting laser, a light emitting diode and the like, 
which emit the light in the wavelength region of 9 30 nm to 
960 nm, are usable. 

The light receiving device 6 has a light receiving 
sensitivity only in the wavelength region of 930 nm to 960 

15 nm. As the light receiving device 6, for example, a 
photodiode and the like are usable. 

FIG. 3 is a schematic constitution diagram of the light 
receiving device 6 . For the light receiving device 6 , an 
n-InP layer 12 of the same conductive type as that of an n-InP 

20 substrate 11 is grown on the substrate, and an undoped GalnAsP 
layer 13 having a band gap corresponding to 960 nm is grown 
in a predetermined thickness on the n-InP layer 12. 
Furthermore, a p-InP layer 14 is further grown, and a 
p-GalnAsP layer 15 having a band gap corresponding to 930 nm 

25 is grown in a predetermined thickness on the p-InP layer 14. 
An n-electrode 10 and p-electrode 16 are formed on and under 
the device. Since an electric field is applied only to the 
undoped GalnAsP layer 13 in the light receiving device 6 
constituted in this manner, only the light absorbed by this 

30 layer constitutes a signal as a light current. 

In the device constitution of FIG. 3, it is assumed that 
a light having a wavelength shorter than 930 nm is incident 
from above. In this case, since the light is absorbed by the 
p-GalnAsP layer 15 on the surface, the light does not reach 
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the undoped GalnAsP layer 13, and any light current is not 
produced. Here, the p-InP layer 14 functions as a barrier 
so as to prevent a carrier generated by absorption from 
leaking to the undoped GalnAsP layer 13 which generates the 
5 light current. On the other hand, the light in the wavelength 
region of 930 nm to 960 nm is not absorbed by the upper layer, 
and is absorbed by the undoped GalnAsP layer 13 to constitute 
the light current. It is to be noted that the energy of light 
having a wavelength of 960 nm or more is smaller than the band 

10 gap energy of the undoped GalnAsP layer 13, and is not 
absorbed by the undoped GalnAsP layer 13, and any light 
current is not generated. Therefore, the light receiving 
device has a light receiving sensitivity only to the light 
in the wavelength region of 930 nm to 960 nm. 

15 Moreover, in FIG. 3, the conductive types of the n-InP 

layer 12 and the p-InP layer 14 may be reversed. 

FIG. 4 is an explanatory view showing a relation between 
a spectral intensity and a wavelength of sunlight incident 
upon the inside of a room, the abscissa shows the spectral 

20 intensity, and the ordinate shows the wavelength 
(additionally, the spectral intensity is shown in an optional 
scale) . As apparent from FIG. 4, there is a region where the 
spectral intensity is small by absorption of the light 
between the wavelengths 930 nm and 960 nm. 

25 Therefore, when the light in the wavelength region of 

930 nm to 960 nm is employed as the pilot light, and the light 
receiving device having the light receiving sensitivity only 
to the light in the wavelength region of 930 nm to 960 nm is 
used, an influence by sunlight can be reduced. Therefore, 

30 the pilot light can be received satisfactorily in a situation 
in which the sunlight is incident upon the inside of a room. 

For the light receiving/emitting section 9 of FIG. 2, 
in the data supply section 7 to which the data signal has been 
supplied from the external interface 7A, the light signal 
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whose intensity has been modulated by the supplied data 
signal is emitted from the light emitting device 1, and shaped 
into the approximately parallel beams by the lens 2. 
Thereafter, the light is passed through the beam splitter 3, 
5 reflected by the optical reflection system 4, and sent as a 
transmission light, A reception light received from the 
target apparatus (not shown) having the same constitution is 
reflected by the optical reflection system 4 and beam 
splitter 3, and converged by the light receiving device 6 via 

10 the lens 5. The received light is photoelectrically 
converted by the light receiving device 6 , and output as 
position information of the target apparatus to the 
deflection control signal supply section 8. 

Since the beam splitter 3 is capable of coaxially 

15 controlling the transmission and reception lights in the 
light receiving/emitting section 9, the optical axis of the 
light sent from the target apparatus (not shown) having the 
same constitution is matched with that of the light received 
by the present apparatus , and accordingly the target 

20 apparatus is irradiated with the transmission light of the 
present apparatus. The target apparatus similarly performs 
the optical axis adjustment, and is irradiated with the 
transmission light from the present apparatus, and the 
optical axes of the light receiving/emitting sections 9 of 

25 two apparatuses are matched. 

FIG. 5 is a schematic constitution diagram in a case 
where two optical wireless transmission apparatuses are 
combined to constitute the indoor optical wireless 
transmission system (components equivalent to those of FIG. 2 

30 are denoted with the same reference numerals). As shown in 
FIG. 5, each pilot light emitting section 20 sends the pilot 
light over a broad range. The pilot light sent from the target 
apparatus having the same constitution is received by the 
light receiving device 6 via the optical reflection system 
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4, beam splitter 3, and lens 5 of the light receiving/emitting 
section 9, and information indicating presence/absence of 
the reception light, quantity of received light, light 
receiving direction or the like is output to the deflection 
5 control signal supply section 8. The deflection control 
signal supply section 8 calculates a direction and movement 
amount in moving the optical reflection system 4 so as to 
match the optical axis of the reception system of the present 
apparatus with that of the pilot light from the target 

10 apparatus based on position information obtained from the 
light receiving device 6 , and accordingly a control signal 
for controlling a driving section (not shown) of the optical 
reflection system 4 is generated. 

When the optical wireless transmission apparatuses 

15 according to the present embodiment are combined to construct 
the indoor optical wireless transmission system shown in 
FIG. 5, one apparatus sends the pilot light in the wavelength 
region of 930 nm to 960 nm f a target apparatus receives the 
light via the light receiving device having the light 

20 receiving sensitivity only to the same wavelength region as 
described above, and therefore the light in near- infrared 
region is not strongly influenced by sunlight. Therefore, 
the optical axis adjustment can be exactly performed between 
the apparatuses by the use of the pilot light sent from the 

25 target apparatus without obstructing the pilot light by the 
sunlight even in the situation where the sunlight is 
incident . 

Since the beam splitter 3 is capable of coaxially 
controlling the transmission and reception lights in the 
30 light receiving/emitting section 9 of each optical wireless 
transmission apparatus, the optical axis of the pilot light 
sent from the target apparatus is matched with that of the 
light received by the present apparatus , and accordingly it 
is possible to perform high-precision bidirectional 
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communication . 

FIG . 6 is a schematic constitution diagram of the 
optical wireless transmission apparatus according to a 
second embodiment (components equivalent to those of FIG. 2 
5 are denoted with the same reference numerals) . In the present 
embodiment, a filter 30 which passes only the light in the 
wavelength region of 930 nm to 960 nm is disposed in a previous 
stage of the optical reflection system 4 upon which the 
transmission light and the pilot light from the target 

10 apparatus are incident. The pilot light emitting section 20 
comprises a device which sends the light in the wavelength 
region of 930 nm to 960 nm in the same manner as in the first 
embodiment. On the other hand, the light receiving device 
6 comprises a device having a light receiving sensitivity to 

15 a usually broad wavelength region. 

According to the present embodiment, the transmission 
light and pilot light sent from the target apparatus pass 
through the filter 30 and reach the light receiving device 
6, but sunlight including an intense light in the 

20 near-infrared region cannot pass through the filter 30, and 
therefore the pilot light is not obstructed by the sunlight. 
Therefore, when the optical wireless transmission 
apparatuses according to the present embodiment are combined 
to construct the indoor optical wireless transmission system 

25 shown in FIG. 5, the optical axis adjustment can mutually and 
exactly be performed by the use of the pilot light sent from 
the target apparatus . Since the device having the light 
receiving sensitivity to the usually broad wavelength range 
is usable as the light receiving device, cost reduction can 

30 be achieved by the use of common components. 

Next, the optical wireless transmission apparatus 
according to a third embodiment will be described. It is to 
be noted that a basic constitution of the optical wireless 
transmission apparatus according to the present embodiment 
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is the same as that of FIG. 6, and is therefore omitted from 
figures, and the corresponding part will be described using 
the same reference numerals as those in FIG. 6. 

The present embodiment includes the filter 30 which 
5 passes only the light having a wavelength of 930 nm or more, 
and the light receiving device 6 having a light receiving 
sensitivity only to a wavelength range of 960 nm or less. The 
other constitution is the same as that of the second 
embodiment . 

10 The transmission light and pilot light sent from the 

target apparatus pass through the filter 30 and reach the 
light receiving device 6 , but a light having a wavelength up 
to 930 nm in the sunlight including the intense light in the 
near-infrared region cannot pass through the filter 30, and 

15 a light having a wavelength exceeding 960 nm is not received 
by the light receiving device 6. Therefore, as a result, only 
the light in the wavelength region of 930 nm to 960 nm is 
received by the light receiving device 6. Therefore, the 
pilot light is not disturbed by sunlight in the same manner 

20 as in the other embodiments. When the optical wireless 
transmission apparatuses of the present embodiment are 
combined to construct the indoor optical wireless 
transmission system shown in FIG. 5, the optical axis 
adjustment can mutually and exactly be performed by the use 

25 of the pilot light sent from the target apparatus. 

It is to be noted that in the above -described 
embodiments, the example applied to the indoor optical 
wireless transmission system shown in FIG. 5 has been 
described, but the present invention is also applicable to 

30 a system comprising the main apparatus and the sub-apparatus 
as shown in FIG.l. 

Moreover, the present invention is not limited to the 
optical wireless transmission apparatus for performing the 
bidirectional communication shown in FIG. 5, and is usable as 
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a one-directional optical wireless reception or transmission 
apparatus . 

As described above, according to the optical wireless 
transmission apparatus of the present invention, since the 
5 optical axis adjustment is performed by the pilot light in 
the wavelength region of 930 nm to 960 nm, which is not 
influenced by sunlight. Therefore, the position of the 
target apparatus can exactly be detected from the pilot light 
emitted from the target apparatus even in the situation in 

10 which the sunlight is incident. Therefore, when the optical 
wireless transmission apparatuses according to the present 
invention are combined to construct the indoor optical 
wireless transmission system, the high-precision 
bidirectional communication can be achieved. 

15 It should be understood that many modifications and 

adaptations of the invention will become apparent to those 
skilled in the art and it is intended to encompass such 
obvious modifications and changes in the scope of the claims 
appended hereto. 

20 
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